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After ovulation, peritoneal fluid contains concentrations 
of progesterone and of 17 I3-estradiol that are 5 to 20 times 
higher than plasma concentrations in women with 
ovulatory cycles but not in women with unruptured 
luteinized follicles. Since viable endometrial cells were 
found in the peritoneal fluid of over 50% of women, both 
with and without endometriosis, a new hypothesis is 
presented about the etiology of pelvic endometriosis and 
the association of pelvic endometriosis and infertility: 
pelvic endometriosis could be the consequence of infertility 
caused by the unruptured luteinized follicle. 
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Introduction 

Endometriosis remains an enigmatic disease since 
the etiology is still debated and no satisfactory ex-
planation can be given for why it is associated with 
infertility. A recent study reported that in women 
with pelvic endometriosis, significantly fewer 
ovulation stigmata were present than in a control 
group2: the formation of corpora lutea without re-
lease of the oocyte from the Graafian follicle could 
thus explain the infertility. However, the same 
pathology—the unruptured luteinized follicle—
was also encountered in women with unexplained 
infertility," and the question remained of why 
even mild endometriosis was associated with this 
new syndrome. Subsequently we found that in 
women with ovulatory cycles, but not in women 
with luteinized unruptured follicle syndrome, very 
high steroid hormone concentrations were found in 
peritoneal fluid after ovulation .5 Since this fluid is 
the natural environment of superficial pelvic en-
dometriotic implants and of endometrial cells re-
gurgitated through the fallopian tubes at menstrua-
tion, we studied peritoneal fluid in women with 
and without pelvic endometriosis. 

Materials and Methods 

Peritoneal fluid was collected at laparoscopy in 
women with primary or secondary infertility .8
Heavily blood-stained samples were not used. Peri-
toneal fluids were centrifuged (500 g, 5 minutes), 
the pellet was stained according to Papanicolaou 
and examined by an experienced cytologist3 for the 
presence or absence of endometrial cells, and the 
supernatant was frozen until assayed for progester-
one, 17 f3-estradiol, total protein, sex hormone-
binding globulin (SHBG) and transcortin, as 
described.' During laparoscopy the ovaries were 
carefully inspected for the presence or absence of an 
ovulation stigma, and endometriosis was classified 
according to Acosta et al.' 

Results 

Occurrence of Endometrial Cells in Peritoneal Fluid 

Viable endometrial cells were present as frequently 
in women without pelvic endometriosis as in those 
with it. These cells were found most frequently 
during the follicular phase, and the incidence de-
creased progressively thereafter (Table I). 

Composition of Peritoneal Fluid 

No difference was found between women with and 

' ' eA4e,s,:!1 !:::,.1141,111141!...4kls !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

I 

lag 

I 

Ii 

4;1' 
111. 

Jot 

ei. 
,11.1 

lel' 
1.111fee 

.1s1 



258 The Journal of Reproductive Medicine Vol 

Table I Presence of Endometrial Cells in Peritoneal Fluid 

Follicular phase Luteal phase 

Day 14-20 Day 21-28 

Percent 
No. of 

samples Percent 
No. of 

samples Percent 
No. of 

samples 

Endometriosis 
Absent 54 13 53 15 31 16 

Present 75 4 53 17 25 16 

Total 59 17 53 32 28 32* 

*I' versus follicular phase, < 0.05. 

without endometriosis in total protein, steroid hor-
mone-binding globulin and transcortin concentra-
tions (Table II). Also, the concentrations of pro-
gesterone (Table III) and of 17 13-estradiol (Table IV) 
were not significantly different between the two 
groups of women in both phases of the menstrual 
cycle and in women with an ovulation stigma and 
those without. 

The concentrations of both progesterone and 
17 0-estradiol increased sharply after ovulation in 
women with ovulatory cycles but not in women 
with unruptured luteinized follicles (Tables III and 
IV). 

Discussion 

Peritoneal Fluid 

These results extend our previous findings. The 
volume of peritoneal fluid is not significantly differ-
ent between women with and without endometrio-
sis, except in women with severe ovarian endome-
triosis, who have slightly lower amounts of peri-
toneal fluid during the luteal phase.' Also, the pro-
tein, 17 (3-estradiol 

I3-estradiol, 

and progesterone concentration 
of peritoneal fluid is essentially the same in the two 
groups of women in all phases of the menstrual 
cycle and, more particularly, also during the luteal 
phase in women with an ovulation stigma and 
those without. 

Hypothesis about the Etiology and 
Pathophysiology of Pelvic Endometriosis 

The endometrial cells in peritoneal fluid are most 
probably derived from retrograde menstruation 
and not from endometriotic lesions since they are 
found as frequently in women with endometriosis 
as in those without. Retrograde menstruation thus 
seems to be a very frequent phenomenon, and we 
should ask the question of why these endometrial cells 

do not implant more frequently. We suggest 
that this could be explained by the steroid hormone 
concentrations in peritoneal fluid. Indeed, in this 
fluid, even in the follicular phase of the cycle, pro 
gesterone concentrations of 4 to 10 ng/ml are pres 
ent, while after ovulation, excessive steroid hor 
mone concentrations, up to 3,000 ng/ml of progester 
one and up to 44,000 pg/ml of 17 are 
found.' Moreover, if the low (67% of plasma) con 
centrations of both steroid hormone-binding pro 
teins, transcortin and sex hormone-binding globu 
lin' are taken into account, the biologically active free 
hormone concentrations are even higher. It can thus 
be assumed that proliferation of these endometria 
cells in peritoneal fluid is influenced by the presence 
of progesterone from the beginning of the menstrual 
cycle and that the very high steroid hormone concen 
trations during the luteal phase—if not toxic—make 
them inactive. Indeed, it is known that during preg 

Table II Concentration of Total Protein, Transcortin and 17 (3-Hydroxy-5a-Androstan-3-One Binding 
Capacity of SHBG in Peritoneal Fluid 

Endometriosis 

Absent Present 

No. of No. of 
Mean ± SD experiments Mean ± SD experiments 

Total protein (gm/liter) 42.1 ± 1.3 27 42.5 ± 1.1 18 
Transcortin (mg/liter) 22.1 ± 2.3 12 24.0 ± 1.0 18 
SHBG (µg/liter) 10.1 ± 1.9 12 11.4 ± 1.1 12 
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Table III Progesterone Concentration (ng/ml) in Peritoneal Fluid in Women without Endometriosis and in 
Women with Mild and Moderate Endometriosis 

Endometriosis 

Day of Menstrual Cycle Absent Present 

2-9 3.4 (2.2-5.4)* 5.2 (2.8-9.6) 
[2]t [13] 

10-14 2.1 (0.8-5.2) 4.1 (11.8-9.5) 
[3] [13] 

14-18 
Ovulation stigmata absent 45.4 (31.9-64.8) 

Ovulation stigmata present 144.9 (113.9-184.4) 
[8] 

19-20 
Ovulation stigmata absent 

Ovulation stigmata present 

28.2 (20.9-38.0) 
[6] 

87.0 (61.2-123.6) 
[9] 

[17] 
154.9 (113.2-216.0) 

[13] 

23.0 (19.6-27.0) 

ii91 
76.4 (12.7-460.1) 

[f31 
*Numbers in parentheses indicate mean (mean — 1 SD, mean 4- l'S13). 
tNumbers in brackets indicate number of experiments. 

nancy, endometriotic lesions decidualize and be-
come atrophic or disappear. 

Since in women with an unruptured luteinized 
follicle these very high steroid hormone concentra-
tions are not present in peritoneal fluid, we propose 
the following hypothesis. In normal ovulatory 
women, the implantation of endometrial cells is 
prevented by the specific steroid hormone environ-
ment. Whenever, this mechanism fails—when an 
unruptured luteinizing follicle is formed—endo-
metriosis may develop. 

In order to understand the hormonal regula-
tion of these superficially implanted endometriotic 
lesions, the local steroid hormone concentrations in 
peritoneal fluid will probably be more important 
than the plasma steroid hormone concentrations. 
This can explain the association of secretory cells in 
endometriosis with a proliferative endometrium. 
Conversely, the treatment of endometriosis with 
combined contraceptive pills or with danazol4 will 
suppress these peritoneal fluid concentrations. 
Whenever the mechanism or the effect of hormonal 
treatment is studied, peritoneal fluid should thus be 
taken into account. 

Endometriosis and Infertility 

If our hypothesis about the etiology of endometrio-
sis proves to be correct, infertility would not be the 
consequence but the cause of endometriosis 
through the unruptured luteinized follicle syn-
drome. When ovarian endometriosis develops, 
however, it can cause infertility since it has been 

shown that ovarian function is disturbed in women 
with moderate and severe ovarian endometriosis.2
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Endometriosis 

Day Absent Present 
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[3] [4] 

14-18 
Ovulation stigmata 
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Ovulation stigmata 
present 1,584 (1,281-1,959) 1,082 (759-1,542) 

[9] [8] 
18-21 

Ovulation stigmata 
absent 322 (261-397) 350 (299-409) 

[711 [81 
Ovulation stigmata 

present 1,197 (748-1,918) 1,113 (167-7,390) 

[91 [3] 

*Numbers in parentheses indicate means,,, (mean — 1 SD, mean 4- 1 SD). 
tNumbers in brackets indicate number of experiments. 
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